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A Novel Genital Human Papillomavirus (HPV), HPV Type 74,
Found in Immunosuppressed Patients
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The genome of a novel human papillomavirus (HPV) type, HPV74, was cloned from an iatrogenically
immunosuppressed woman with persisting low-grade vaginal intraepithelial neoplasia. HPV74 was found to be
phylogenetically related to the low-risk HPV types 6, 11, 44, and 55. HPV74 or a variant of this type was found
in specimens from three additional immunosuppressed women but not in about 3,000 anogenital specimens
from immunocompetent patients.

Genital human papillomaviruses (HPVs) are responsible for
the most commonly diagnosed, viral sexually transmitted dis-
eases (10). They cause genital warts and are associated with the
cytological abnormalities found in cervicovaginal smears and
diagnosed as squamous intraepithelial lesions. Squamous in-
traepithelial lesions may reflect the presence of cervical intra-
epithelial neoplasia, which includes the precursors of invasive
cervical carcinoma (15, 16). More than 35 HPV types infecting
specifically genital mucous membranes have been character-
ized to date (7). Sequence alignments have allowed the con-
struction of phylogenetic trees that reflect the biological prop-
erties of genital HPVs (5, 23). In spite of the great multiplicity
of previously recognized HPVs, HPV DNA sequences differ-
ent from those of known types are detected in genital speci-
mens by Southern blot hybridization experiments performed
under nonstringent conditions or by PCR analyses conducted
with consensus or degenerate primers (3, 14). The character-
ization of such HPVs is required to fully understand the epi-
demiology and the natural history of genital HPV infections.
We report here the molecular cloning and the characterization
of a novel genital HPV type, HPV74, phylogenetically related
to HPV types associated with a low risk of cancer development.
The genome of HPV74 was cloned from persisting vaginal

lesions of low-grade intraepithelial neoplasia of an immuno-
suppressed woman who had undergone renal transplant. Total
DNA was extracted from vaginal scrapes, treated with PstI
endonuclease, and analyzed by Southern blot hybridization
with a mixture of 32P-labeled HPV6, -11, and -42 DNAs at low
stringency (408C below transition temperature [Tm 2 408C])
(2). Three DNA fragments were detected, a one-genome
length fragment (7.9 kb) and two fragments of 5.6 and 2.2 kb
(Fig. 1, lane 1). After the membrane was washed under more
stringent conditions (Tm 2 208C) (2), the two smaller frag-
ments were very faint while the 7.9-kb fragment still yielded a
significant signal (Fig. 1, lane 2). The 5.6- and 2.2-kb fragments
correspond to HPV61 DNA sequences, as demonstrated by
hybridization with an HPV61 DNA probe under stringent con-
ditions (data not shown). The 7.9-kb fragment could corre-
spond to a new HPV, since none of the known genital HPV
types yields a one-genome length fragment after cleavage with
PstI endonuclease (14).

The viral DNA was cloned after insertion into the bacterio-
phage l ZAPII DNA (Stratagene, La Jolla, Calif.) (19). Of the
multiple cloning sites of this vector, SpeI was the only one to
allow insertion of the full-length HPV DNA. The pBluescript
SK2 phagemid containing the cloned viral DNA was excised
from the recombinant bacteriophages (19). The cloned HPV
DNA used as a probe detected only the 7.9-kb PstI fragment
after hybridization under stringent conditions (Fig. 1, lane 3).
The degrees of similarity between the cloned DNA and the
DNAs of 62 HPV types were analyzed by Southern blot hy-
bridization at high stringency (60% formamide; Tm 2 108C)
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FIG. 1. Southern blot hybridization analysis of HPV DNA sequences in vag-
inal and cervical specimens. Total cellular DNA preparations (1.5 mg) extracted
from vaginal (lanes 1 to 3) and cervicovaginal (lane 4) scrapings obtained from
two patients were cleaved with endonuclease PstI. The fragments were separated
by electrophoresis in 1% agarose gels, denatured in situ, and transferred to nylon
membranes (Amersham, Les Ullis, France). One membrane was hybridized
under nonstringent conditions (Tm 2 408C) with a mixture of 32P-labeled HPV6,
-11, and -42 DNAs (lane 1) and washed under more stringent conditions (Tm 2
208C) (lane 2). The other membrane was hybridized under stringent conditions
(Tm2 108C) with an HPV74 DNA probe (lanes 3 and 4). The sizes of the HPV74
DNA fragments are indicated.
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(2). Substantial cross-hybridization was observed with HPV13,
-44, and -55 DNAs, and a weak cross-hybridization was ob-
served with HPV6 and -11 DNAs (data not shown). All these
HPV types are phylogenetically related (5, 23) and are associ-
ated with benign lesions of oral (HPV13) and genital (HPV6,
-11, -44, and -55) mucous membranes. A physical map of the
cloned DNA was constructed by using 19 restriction endo-
nucleases (Fig. 2).
To further characterize the cloned DNA, we sequenced a

3,892-bp DNA region encompassing the 39 end of the L2 open
reading frame (ORF), the L1 ORF, the long control region,
the E6 and E7 ORFs, and the 59 end of the E1 ORF (Fig. 3).
After subcloning of the appropriate restriction fragments into

pBluescript II vector (Stratagene) was carried out, sequence
determination was performed in both orientations by the
dideoxy method, first with primers selected from the vector
sequence and then with synthetic oligonucleotides (Genset,
Paris, France) chosen from newly established sequences. The
sequences were analyzed and compared with available HPV
sequences by using the Genetics Computer Group (Madison,
Wis.) sequence analysis package and the FASTA program.
Pairwise alignment of the nucleotide and the deduced amino
acid sequences of the E6, E7, and L1 ORFs disclosed that
HPV74 was related to HPV6 (17), HPV11 (6), HPV13 (22),
HPV44, and HPV55 (6a) and to pygmy chimpanzee papillo-
mavirus type 1, a simian virus closely related to HPV13 (22).
HPV74 was found to be most closely related to HPV44 and
HPV55 (Table 1). It has been accepted until recently that, to
be recognized as a novel type, a newly cloned HPV DNA
should have less than 90% nucleotide sequence identity with
the E6, E7, and L1 ORFs of known types (7, 15). According to
the revised definition adopted at the 14th International Papil-
lomavirus Conference held in Quebec City in 1995, a DNA
sequence identity with the L1 ORF of less than 90% is suffi-
cient to define a novel type. The percentages of nucleotide
identity between HPV74 and HPV types 44 and 55 are less
than 90%, supporting the argument that HPV74 is a novel
HPV type.
The long control region of HPV74 is 783 bp long, and its

organization (Fig. 3) is typical of the regulatory region of

FIG. 2. Physical map of HPV74 DNA. Dashes underline the sequenced seg-
ments of HPV74 DNA. The positions of the L1, E6, and E7 ORFs and of the
long control region (LCR) are shown at the top of the figure. The origin of the
map has been deduced from alignment with HPV13 genome (22). The cloning
SpeI site is indicated by a star. The enzymes BglII, ClaI, HindIII, NotI, SacI,
SacII, SmaI, and XhoI have no cleavage site in HPV74 DNA.

FIG. 3. Partial nucleotide sequence of the HPV74 genome. The four bona fide binding sites for the viral E2 regulatory protein (ACCGN4CGGT) and the putative
binding site for the E1 replication protein (9) containing nucleotide 2844 homologous to nucleotide 1 of the HPV6, -11, and -13 sequences (6, 17, 22) (arrowhead) are
shaded. Both the first ATG of the L1 ORF and the second ATG, corresponding to the initiation codon of the HPV6, -11, or -13 L1 gene, and the initiation codons
of E6 and E7 ORFs are underlined. The stop codons of L1, E6, and E7 ORFs are indicated by dotted lines below the sequence.
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genital HPVs (9). On the basis of deduced amino acid se-
quences, the HPV74 E6 and E7 oncoproteins are 150 and 96
amino acids long, respectively. The L1 major capsid protein
may be 501 amino acids long, a size close to that of HPV6, -11,
and -13 L1 proteins, or 527 amino acids long as a result of the
presence of another ATG located upstream (Fig. 3), a feature
shared by HPV44 and HPV55 (6a). Amino acid sequences of
the E6 and L1 proteins of HPV74 and related HPV types were
aligned with the CLUSTALW program (21), and phylogenetic
trees were generated with the phylogenetic inference package
(PHYLIP 3.5) (20). Similar trees were obtained for the two
proteins, either by the maximum sequence parsimony analysis
or the distance matrix analysis. As illustrated for the E6 pro-
tein (Fig. 4), the phylogenetic analysis confirmed the close
phylogenetic relationship of HPV74 with HPV44 and HPV55.
HPV74 or a variant with an additional PstI cleavage site

(Fig. 1, lane 4) was detected in cervicovaginal scrapings ob-
tained from three other patients of the same follow-up study
involving 81 renal allograft recipients (5a). Two of these pa-
tients had normal cervical cytologies, and the third one pre-
sented with a low-grade cervical intraepithelial neoplasia. In
two of these specimens, HPV74 was found to be associated
with another HPV type (HPV16 or HPV55). In contrast, we
did not find any evidence for HPV74-like DNA sequences, i.e.,
a high-molecular-weight PstI DNA fragment cross-hybridizing
with HPV6 and -11, in the course of screening about 3,000
anogenital specimens from the general population.
HPV74 is phylogenetically related to HPV types that are not

significantly involved in the development of invasive cervical
carcinoma of the uterine cervix (4, 13, 14). HPV44 and -55
were cloned from genital warts (8, 12) and were found in
cervical specimens of women with normal cytologies or low-
grade squamous intraepithelial lesions (5a, 13). HPV13 causes

oral focal epithelial hyperplasia that never progresses towards
malignancy (15, 22). HPV6 and -11 are the most common
agents of anogenital warts and laryngeal papillomatosis and
are associated with low-grade cervical lesions. HPV6 and -11
seldom express an oncogenic potential, if one excepts the rare
anogenital Büschke-Löwenstein tumors and single case reports
of carcinoma of the respiratory tract (10, 15). The lack of
detection of HPV74 in a large series of immunocompetent
patients may indicate that it is a very infrequent HPV type.
Immunosuppressed women are known to be at risk for genital
HPV infection and cervical intraepithelial neoplasia (1, 11).
The relatively high detection rate (5%) of HPV74 in our series
of renal transplant patients suggests that this HPV type is
rather ubiquitous but causes infections that are efficiently con-
trolled by the host immune defenses.
Nucleotide sequence accession number. The nucleotide se-

quence accession number U40822 has been assigned to
HPV74.
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